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INTRODUCTION. 
It is generally presumed that cutaneous blood (so called capillary 
blood)  is  similar to  arterial  blood, particularly if  the skin is made 
hyperemic by rubbing, or application of heat, etc., before the incision 
is made (Naegeli (1)).  That cutaneous blood, at any rate so far as 
blood sugar is  concerned, differs from  the venous blood, has  been 
shown by Hagedorn (2), who also uses the hypothesis that the capil- 
lary blood is similar to arterial blood in that respect.  In the following 
experiments we have taken up the question of the composition of the 
cutaneous blood and especially its relation to the arterial blood.  We 
have used  the oxygen content as  an indicator of the nature of the 
blood,  first,  because  the  amount of  oxygen in  the blood generally 
changes during the blood flow through the capillaries,  and  second, 
because  oxygen unlike  all  other  substances  in  the  blood  has  the 
property  1 that its maximum amount in the blood can be determined 
outside the body, this being equal  to the sum of the total oxygen 
capacity of the hemoglobin and the amount dissolved in the plasma. 
If  no  appreciable  change  takes  place  in  the  concentration of  the 
hemoglobin when the blood flows from the arteries to the cutaneous 
incision, the oxygen content of the arterial blood must lie between 
the total oxygen capacity and  the content of the cutaneous blood. 
It is a priori probable that this range is small and that for many pur- 
poses cutaneous blood  could be  substituted for  blood obtained  by 
1 This property is a consequence of the form of the oxyhemoglobin dissociation 
curve. 
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arterial  puncture.  The  object  of  these  experiments  was  to  show 
whether this is actually the case. 
Technique. 
1.  Drawing the Blood.--Arterialpuncture,  which was made in only 
one instance (Experiment  1),  was performed according to the tech- 
nique of Hiirter  (3),  Stadie  (4),  and Harrop  (5).  Venous puncture 
was done according to the procedure devised by one of us (6).  For 
collecting  the  cutaneous blood  the  foUowing method was  devised. 
With a very sharp knife, from one to three incisions were made in the 
finger-tip,  in  some instances  without,  and  in  some instances  with 
previous freezing with ethyl chloride (Table I).  The incisions were 
from 1 to 1.5 cm. long, and approximately 3 mm. deep and were made 
lengthwise on the finger-tip.  After the incision was made and the 
first drop of blood taken away, the subject kimself compressed the 
wound with the thumb of the same hand and the two fingers were put 
down under oil in a  jar.  Pressure with the thumb was then discon- 
tinued, the blood thus being allowed to run freely under the layer of 
paraffin.  A  small amount of pulverized potassium oxalate was put 
in the bottom of the jar in order to prevent coagulation of the blood. 
During the bleeding the blood was stirred with an absolutely smooth 
glass rod.  This was done very gently in order not to mix the blood 
with drops of paraffin.  As a rule 3 to 4 cc. of blood were taken during 
a period of from 1 to 2 minutes. 
2.  Determination of the Oxygen Content of the Blood.--Van Slyke's 
method was employed.  For each analysis 1 cc. of blood was used, 
and in all cases duplicate determinations were made.  In one instance 
the Krogh modification of the Haldane-Barcroft method (differential 
method) was used because the amount of blood taken from the cuta- 
neous incision was too small to allow duplicate determinations by Van 
Slyke's method.  The total oxygen capacity was determined either 
by using a  standardized Autenrieth  colorimeter, or by saturating  a 
sample of blood  and determining the amount of oxygen.  For this 
procedure only 1 cc. of blood was necessary because the blood was 
saturated within the Van Slyke apparatus as previously described (7). 
In Table I  are given the figures for the hemoglobin value and for the 
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EXPER'~.NTS. 
Experiment  1.  Normal Resti~tg Indiv/dua/.--After the  subject had  rested  on 
a bed for S minutes, a puncture of the left radial artery was made:  The moment 
that blood appeared in the syringe, blood was drawn from the right vena mediana 
cubiti.  An incision was  made in  the tip of the second finger of the right hand 
without any previous freezing.  20 cc. of arterial blood were taken during a period 
of 5 seconds, 12 cc. of venous blood during 10 seconds, and 2 cc. of cutaneous blood 
during 45 seconds:  The results of the analyses are given in Table I  and in Text- 
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T~.xT-Fm. 1.  Diagram showing the total oxygen-combining  power of the blood 
(T), the oxygen content of the arterial blood (A), the oxygen content of the sample 
of blood obtained from an incision in the finger-tip (C), and the oxygen content of 
the blood from the vena mediana cubiti (V).  All are given in volumes per cent 
(cubic centimeters of oxygen per 100 cc.  of blood) and refer to Experiment 1 in 
Table I.  The black part of the column indicates the amount of reduced hemo- 
giobin, and the cross-hatching the amount of oxyhemoglobin.  The,total oxygen- 
combining  power  of  the  blood  in  this  patient  was  20,  corresponding  to  a 
hemoglobin percentage of 108. 
2 The arterial puncture was done by Dr. George A. Harrop, Jr., of Baltimore. 
a Of the five subjects, two (Nos. 1 and 2) are the authors.  One (No. 4) was a 
private patient who volunteered.  The other two were patients in the University 
Clinic (No. 3 was one of the nurses) who were willing to cooperate. 564  OXYGEN  CONTENT  OF  CUTANEOUS  BLOOD 
fig. 1.  Both arterial and cutaneous blood were almost fully saturated with oxygen. 
The former showed 97.5 per cent and the latter 96.6 per cent of the total amount 
(20 volumes per cent) which the blood could absorb according to its hemoglobin 
content.  The venous blood was 75 per cent saturated. 
The  percentage  saturation  of the arterial blood was in  accordance 
with  the  results  of previous investigators  (Hiirter  (3),  Barcroft  (8), 
Stadie (4), Harrop  (5), and Meakins and Davies (9)), who showed that 
in normal individuals arterial blood is from 90  to  100  per cent satu- 
rated.  The  value  for  venous  saturation,  incidentally,  agreed  with 
that previously found by one of us as the average saturation of venous 
blood  in  normal  resting  individuals  (6).  For  cutaneous  blood  no 
previous determinations  have been made. 
Experiment  2.  Normal  Resting IndividuaL--After  15  minutes rest on  a  bed, 
an incision was made in the tip of the fourth finger of the left hand after previous 
freezing.  During 2 to 3 minutes 4 to 5 cc. of blood were collected.  During that 
period  a  sample  of  blood  was  drawn  from  the  left  vena  mediana  cubiti. 
Analysis of the two blood samples yielded results which were in accordance with 
those of the first resting subject.  The  cutaneous blood was almost completely 
saturated with oxygen (98 per cent), whereas the saturation of the venous blood 
was 65.8 per cent.  The total oxygen capacity of the blood was found by direct 
determination to be  18.79  volumes per cent.  No arterial puncture was made. 
We know that the saturation of the arterial blood in this case will be between 100 
per cent, which is the total oxygen-combining power of the blood, and 98 per cent, 
which is the degree of saturation of the cutaneous blood.  From the dissociation 
curve of the oxygen hemoglobin, and from the analyses of the arterial blood made 
by Hiirter, Barcroft, Stadie, Harrop, and Meakins and Davies, we know that the 
saturation of the arterial blood is  more  likely  to  be  98  than  100  per  cent. 
Therefore in this case too the cutaneous blood can be considered identical with the 
arterial blood as far as oxygen content is concerned. 
Experiment  3.  Normal  Individual  after Exercise.--After  three  unsuccessful 
attempts by Dr. Harrop to do arterial puncture, the subject before each attempt 
having run very quickly five times up and  down a  flight of stairs, the arterial 
puncture was given up.  The subject again ran very quickly five times up and 
down a flight of stairs, and immediately after this an incision was made in the tip 
of the third finger of the right hand without previous freezing.  3 cc. of blood were 
taken during a period of 1 minute.  Simultaneously a sample of venous blood was 
drawn from the arm of the same subject.  The oxygen content of the cutaneous 
blood was found to be a trifle lower than that found in the previous experiments on 
resting individuals, but was within the normal limits of the oxygen  content of  arterial 
blood.  The figure (94.3 per cent) approximates very closely that usually given as 
the  average figure for normal resting individuals.  The  oxygen content  of the CHRISTEN  LUNDSGAAI~D  AND  EGGF,  I~T MOLLER  565 
venous blood was the same as that usually found in normal resting individuals, but 
it differs from the values found in a series of experiments on the oxygen content of 
the venous blood after exercise in similar individuals (10).  The analyses show 
that the largest possible discrepancy that can exist between the oxygen saturation 
of arterial and cutaneous blood is 5.7 per cent.  The difference between the two 
figures is undoubtedly much smaller. 
Experiment  4.  Normal  Individual after Exerc~se.--An  incision was  made  in 
the tip of the fourth finger of the left hand after previous freezing.  The finger 
was bandaged with  gauze  soaked in  paraffin.  After this  the  subject ran  five 
times up and down a flight of stairs very quickly, taking 1 minute and 15 seconds. 
After the exercise his pulse was 132 and his respiration 40.  3 cc. of blood were 
taken during a period of 1 minute in the usual way from the incision already made. 
The  cutaneous  blood was  in  this  instance  also  almost  totally saturated  (98.2 
per cent).  The saturation of the arterial blood must, of course, be between the 
total oxygen capacity, which was 22.18 volumes per cent, and the oxygen content 
of the cutaneous blood, which was 21.78 volumes per cent. 
Experiment  5.  Patient with  a  Large Exudate  in  the  Left  Pleura;  an  Almost 
Total Compression of the Left Lung.--A clinical and x-ray examination showed that 
the  left lung  was  practically compressed.  The  patient  was  rather  pale.  No 
cyanosis was  present.  Pulse  was  132  and  respiration  58.  Without  previous 
freezing, two incisions, each 1 cm. long, were made in the tip of the fourth finger 
of the  right hand,  and simultaneously  an incision was made in the right vena 
mediana  cubiti.  The  saturation  of  the  cutaneous  blood  was  93.2  per cent, 
which was somewhat lower than the average for normal resting individuals, but 
still within normal limits.  The saturation of the venous blood was normal (72.7 
per cent).  The arterial blood must in this case have been saturated to at least 
93.2 per cent.  These figures and the result of the x-ray and clinical examinations 
make it certain that the left lung must have been compressed to such an extent that 
not only was the passage of air prevented, but also the blood flow.  This further- 
more is in accordance with the fact that the patient was not cyanotic (10). 
Experiment  6.  Patient  with  Compensated Mitral  Stenosis,  before and  after 
Exercise.--After 30 minutes of absolute rest, an incision was made in the tip of 
the fourth finger of the left hand, the finger having previously been frozen.  4 cc. 
of blood were taken from the incision during a period of 2 minutes.  At the same 
time  a  puncture  was  made  in  the  left vena  mediana  cubiti.  The  pulse rate 
was 100 and the respiration 24.  Then the finger was bandaged and the patient 
went slowly up stairs, one flight, and  was put  to bed.  Immediately after this 
another sample of venous blood was taken from the same vein as before.  An 
attempt was  made to get a  sample of cutaneous blood but without  success on 
account of coagulation of the blood in the incision.  Just after the patient had 
climbed the stairs the pulse rate was 132  and  the respiration 36.  During rest 
her lips were  cyanotic, whereas  the  color of her finger-tips was  more  pinkish 
(erythrosed).  After exercise the cyanosis was  somewhat increased without  be- 
coming general.  Her finger-tips were somewhat cyanotic.  The analyses showed 566  OXYGEN  CONTENT  O1~  CUTANEOUS  BLOOD 
that the cutaneous blood taken during rest was almost fully saturated with oxygen 
(98.2 per cent).  We can therefore consider the cutaneous blood in this case to be 
identical with the arterial blood as far as the oxygen content is concerned.  The 
experiment also shows that if any part of the lungs were not sufficiently ventilated 
(a few coarse rMes were heard in the back of both sides) these parts could not have 
been passed by any blood, because had that occurred, the result would have been 
an abnormally high unsaturation of arterial and cutaneous blood.  This, as the 
analyses show, was not found to be the case.  Analyses of the two samples of 
venous blood taken before and after exercise yielded quite different results.  At 
rest the venous blood was found to be 69.3 per cent saturated, which corresponds 
fairly well to  the  saturation of the average normal resting individual.  This is 
also in accordance with the fact that no cyanosis of the fingers was present at 
that  time.  As already mentioned,  however,  the lips were  cyanosed while  the 
subject was resting.  This cyanosis must necessarily be of peripheral (capillary, 
non-pulmonary) nature, and mainly due to deoxidation within the capillaries in 
the lips, because the arterial blood as shown was at least 98.2 per cent saturated. 
After the exercise, which was very slight, the venous blood contained only a small 
amount  of oxygen, being 29.4  per cent  saturated.  This figure gives a  venous 
unsaturation of 14.4 volumes per cent.  At that time a slight cyanosis of the finger- 
tips was observed.  There seem to be two possible explanations of the heavy in- 
crease in the oxygen unsaturation of the venous blood after exercise: one, that it 
was due to insufficient oxidation of the blood in the lungs, the result of which would 
be increased unsaturation of the arterial and capillary blood; the other, that an 
increased deoxidation in the periphery had taken place.  The latter explanation 
seems to be the more likely on account of the fact that no general cyanosis was 
observed after exercise.  From previous investigations we  know  that  cyanosis 
of pulmonary origin is usually more or less generalized; but in the case of this 
patient the cyanosis was not general.  While she was climbing the stairs her hands 
and arms were kept perfectly quiet so that exercise could not have directly pro- 
duced an increased deoxidation in the hands on account of increased local metabo- 
lism in the arm.  If her cyanosis was of a peripheral nature and due to increased 
deoxidation in the capillaries  of the hands, this deoxidation must have been due to 
a  rather marked vascular constriction causing a decrease in the local blood flow. 
We have, in another series of experiments on normal individuals, observed a simi- 
lar condition after heavy exercise (11, 12) (running quickly five times up and down 
one flight of stairs), and we have brought out different facts which seem to show 
that this increased oxygen unsaturation of the venous blood was due to slow local 
blood flow owing to vascular constriction in the arms which were at rest during the 
experiment.  The vasoconstriction would tend to increase the blood flow in the 
active parts (lower extremities) during exercise.  If the same explanation applies 
to this patient, it would show that a very slight amount of exercise brought her 
vasoconstrictory mechanism in the resting regions into activity.  With a decrease 
in the blood flow in the resting parts the patient could perform the exercise with 
a smaller increase in the minute volume of the heart than would otherwise have 
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Experiment  7.  Patient with Pulmonary  Emphysema,  Bronchial  Asthma,  and 
Chronic Bronchitis, before and after Exercise.--The patient had a  chest of typical 
emphysematons shape.  No absolute heart dullness was present, but apart from 
that the examination of the heart was normal.  The lungs extended on the back to 
the twelfth rib, and on the right in front to the seventh rib.  In both lungs a num- 
ber of rhonchi and a few coarse rAles were observed.  No fine rfiles were present. 
The patient was not cyanotic.  During rest the pulse was 96, and the respiration 
24.  After exercise the respiration went up to 32.  The pulse rate was not ob- 
served.  After 15  minutes rest on a  bed an incision was made in the finger-tip 
after previous freezing.  A  sample of venous blood was taken at the same time. 
The patient then walked twice quickly up and down one flight of stairs.  Imme- 
diately after  exercise  and  without previous freezing, an  incision was made in 
another finger of the same hand as before.  Simultaneously a  sample of venous 
blood was drawn from the same vein.  The analyses of the blood taken during rest 
showed the same results that are found in normal resting individuals, the cutane- 
ous blood being almost fully saturated with oxygen (97.9  per cent).  Therefore, 
in this case it appears, first, that we are justified in considering the arterial and 
cutaneous blood as identical, at any rate as far as the oxygen content is concerned; 
and second, that the lungs, in spite of their pathological condition, allowed the 
blood to be normally saturated during its passage through the pulmonary circula- 
tion.  This is in accordance with the results of M. Krogh's (13) determinations of 
the  diffusion constant  for  the  lungs  in  four  resting  emphysematous  patients. 
In four instances this author's figures were within the limits which she previously 
had established as normal.  After a  rather slight amount of exercise, an oxygen 
unsaturation in the cutaneous blood of 2.56 volumes per cent was observed.  This 
corresponded to a saturation of 89 per cent, a figure which is just below the lower 
limit of the oxygen saturation in the arterial blood in normal resting individuals. 
Determination of the saturation of arterial blood in normal individuals during 
exercise has been made by Harrop (5)  and Barcroft and his collaborators (14). 
In both studies a slight decrease in the arterial oxygen saturation was found after 
very heavy exercise.  If the cutaneous blood in our patient, also after exercise, 
can be considered identical with the arterial blood, our experiment might indicate 
that the patient's lungs were not quite capable of meeting the increased need for 
oxygen during the exercise.  We do not think that the lower figure for the oxygen 
content of the venous blood after exercise can be attributed to the fact that no 
freezing was used in this instance (Table I). 
F~xperiment 8.  Normal Resting Individual after Inspiration of Air with a Low 
Oxygen Content.--The subject, the same as in Experiment 1, was made to rest 
quiedy on a bed for 10 minutes, after which time he started to breathe from a 
spirometer which contained a gas mixture of the following composition: oxygen, 
5.88 per cent; carbon dioxide 0.13  per cent; and  nitrogen 93.99  per cent.  The 
temperature was 16°C. ; barometric pressure 776 ram.; oxygen tension 42.77  ram.; 
and carbon dioxide tension 0.935  ram.  75 seconds after the patient had begun 
to breathe this mixture the first signs of cyanosis of the lips, ears, cheeks, and fingers 568  OXYGEN  CONTENT  OF  CUTANEOUS  BLOOD 
were observed; and after 90 seconds the patient's skin showed general and very 
marked cyanosis.  At this time a sample of venous blood from the right vena medi- 
ana  cubiti  was  drawn,  and  three  incisions were  made,  after  previous  freez- 
ing, in the fourth finger of the left hand.  The drawing of the venous blood lasted 
10 seconds, whereas it took 2 minutes to collect 5 cc. of cutaneous blood.  During 
the final period of breathing from the spirometer the subject had a very unpleas- 
ant feeling of palpitation, air-hunger, and tingling in the extremities, and was very 
near  unconsciousness.  After  the  sample  of  cutaneous  blood  was  drawn,  the 
subject  again  started breathing  atmospheric  air.  The  respirations were  very 
frequent and very deep, and he felt an immediate relief.  The cyanotic skin color 
disappeared very quickly and was not observed 20 to 25 seconds after beginning to 
breathe normal air.  At that time another sample of cutaneous blood was taken 
from the incision previously made.  It took 30 seconds to collect this blood.  The 
first sample of cutaneous blood showed an unsaturation of 6.9 volumes per cent, 
which corresponds to 63 per cent saturation.  This value is, of course, below the 
limit for the oxygen content of the arterial blood.  On account of the low oxygen 
tension in the lungs the upper limit for the arterial saturation is much below the 
total oxygen-combining power.  By means of the dissociation curve of the oxy- 
hemoglobin, and the figures for the oxygen tension in the spirometer, we calculate 
that about 70 per cent would approximate the upper limit for saturation of the 
arterial blood.  Analysis of the venous blood drawn during respiration from the 
spirometer showed  almost the  same  amount  of oxygen that  was  found in  the 
cutaneous blood.  This is probably due to the fact that  the venous blood was 
drawn during a very short period in the first part of the experiment, whereas the 
cutaneous blood also contains blood from the last part of the experiment; that is, 
during the time that the arterial unsaturation had reached its highest value.  On 
the other hand, it is not unlikely  that the deoxidation in the capillaries  was relatively 
small on account of increased blood flow.  Half of the sum of the oxygen un- 
saturation of the cutaneous (arterial) and the venous blood is 8 to 9 volumes per 
cent, which is well above the threshold value at which cyanosis usually appears 
(10).  That the cyanosis was found to be generalized is in accordance with its 
arterial (pulmonary) pathogenesis.  The fact that cyanosis of pulmonary origin 
is more intense in some regions than in others is due to local conditions; forinstance, 
a greater degree of deoxidation in some regions than in others,  a  richer  network 
of superficial capillaries,  alarger filling of the capillaries  with blood, or more opened 
up capillaries (A. Krogh). 
In  the  second  cutaneous  blood sample normal  saturation was  found.  The 
change from a marked cutaneous unsaturatiou to normal condition took place in 
less than ½  minute after the subject started to breathe normal air.  This shows that 
the circulation of the blood must have been very rapid and that the alveoli of the 
lungs  immediately were  supplied with  oxygen-rich air.  The  experiment  is  in 
accordance with a similar one done by one of us in 1919 on the same subject (10). 
No cutaneous blood was drawn at that time. CHRISTEN LUNDSGAARD AND EGGERT MOLLER  ~69 
DISCUSSION. 
From the experiments it is evident that the  oxygen content  of the 
cutaneous blood and of the arterial blood may show almost identical 
values.  Not only was this true of normal individuals before and after 
exercise, but it was also found to  hold  under  different  pathological 
conditions.  This is, as far as we can see, sufficient to show that, at any 
rate in some cases, we might obtain similar information from samples of 
cutaneous and of arterial blood.  In the description of the experiments 
several examples were given of the kind of problem in which examination 
of cutaneous blood would be of value.  We think that in cases in which 
it is necessary to repeat the blood examination  very often, or when 
for some reason or other it is impossible to obtain arterial  blood, it 
will be especially useful to know that  the same information  may be 
obtained  by  analyzing  cutaneous  blood.  On  the  other hand,  it is 
admitted that it is not an easy thing to obtain 2 to 3 cc. of blood from 
an incision in the finger/tip  without using stasis.  Rather large, and, 
if freezing is not applie~l,  somewhat painful incisions will be necessary. 
Two improvements would, we think, be necessary to make the method 
of general use:  one, to perform the analyses for oxygen content with 
smaller amounts of blood, for instance 0.2 cc. instead of 1 cc. for each 
analysis as in  Van  Slyke's apparatus  (in  this  case less  than  0.5  cc. 
would be  necessary  for  other  duplicate  determinations;  such  small 
amounts  are,  of course,  sufficient if the  differential  method  is used 
which  we  have  employed in  only  one  instance--No.  1);  the  other 
improvement would consist in finding a  substitute for the method of 
drawing the blood under oil, for this procedure makes it necessary to 
draw a larger amount of blood than is needed for the analyses.  As to 
the first point, it will be necessary to find out how much we can de- 
crease the  amount of blood taken from the incision  and  still  obtain 
the same results.  As to the second point, we have so far been unsuc- 
cessful in developing a  method of drawing  a  small  amount  of blood 
from a  cutaneous incision  directly into a small  tube without  having 
the blood come into contact with the air. 
Attention should be called to a problem which is not only of theo- 
retical  but  also  of  practical  importance.  It  is  whether  the  blood 
which can be obtained from the cutaneous incision,  and which we in 570  OXYGEN  CONTENT  OF CUTANEOUS  BLOOD 
our  cases found  to  be identical  with  the  arterial  blood,  is  genuine 
arterial  blood, that is practically all coming from the arteries them- 
selves, or whether it is to be looked upon as only functional arterial 
blood,  that  is  arterial  blood mixed  with  a  considerable  amount  of 
non-deoxidized blood from the capillaries and veins.  Both explana- 
tions might be correct.  An incision in the tip of the finger necessarily 
severs a  number  of vessels including  small  arteries,  capillaries,  and 
small  veins.  It  is,  however,  a  priori  not  impossible  that  after  the 
incision is made, the same conditions would be present that we would 
find if a  slanting water pipe was severed through which water flows 
from a  reservoir with high pressure to a  reservoir with low pressure. 
After cutting  such a  pipe the water would,  of course, only flow out 
from that part of the pipe that is connected with the reservoir with 
high pressure.  The water in the other part of the pipe would con- 
tinuously flow away from  the place where  the pipe was cut.  It is 
known that the statical and other conditions in the circulatory system 
are different from the conditions in a water pipe, but still it is not an 
absurdity to suppose that  the negative,  or at any rate  always very 
low pressure in the central  thoracic veins can prevent anything but a 
negligible amount  of blood coming out from the venous side of the 
severed vessels.  The tendency of the veins to collapse would prob- 
ably act in the same direction.  In any case, if no stasis is applied, 
the  difference in pressure  in  the  direction  of  the  blood flow in  the 
arterial  and  venous system must necessarily bring it about that by 
far  the largest  amount  of blood taken  from  the  cutaneous incision 
comes from the arteries.  On the other hand,  immediately after the 
incision is made, some blood must necessarily come from the severed 
veins and  capillaries.  This blood is probably very quickly washed 
out from the incision and is contained in the first drop of blood com- 
ing out.  We have in some, but not in all instances noticed that the 
first drop of blood coming from the incision is dark, and the following 
drops very light, indicating that the first drop contains a not negligible 
amount of venous blood.  Even if one makes it a  rule,  as we have 
done,  to  discard  in  each  experiment  the  first  drop  of  blood, it  is 
possible that  a  very small  amount  of  blood drawn  might  contain 
enough venous blood to make an appreciable  difference between the 
cutaneous and  arterial blood.  The  smallest amount we have  taken CHRISTEN LUNDSGAARD AND EGGERT MOLLER  571 
has,  as  mentioned,  been 2  cc.  The  second  explanation  was  that 
blood obtained from a  contaneous incision is derived not only from 
the arteries, but also, to a  considerable extent, from capillaries and 
veins.  It is therefore mixed blood.  There are two explanations of 
the fact that it is arterial in respect to its oxygen content.  In the 
first place, this can be due to a vasodilatafion of the region where the 
incision is made.  It is  a  well recognized fact (1)  that  mechanical, 
chemical, or thermal irritants applied to the skin result in a dilatation 
of the vessels.  An increase in the local blood flow and a decrease in 
local deoxidation must necessarily follow such a  vascular dilatation. 
If an incision is made in such a hyperemic region, quite apart from 
whether the blood comes from the arteries, capillaries, or veins, it is 
quite likely that the blood will not differ appreciably from the arterial 
blood.  In  the  experiments,  the  finger-tips  were  in  all  instances 
cleaned with alcohol, from 5  to  15 minutes before the incision was 
made.  Furthermore, in some instances (Table I) the skin was frozen 
before incision was made.  The figures in Table I seem to indicate that 
previous freezing did not have any influence on the results.  Whether 
or not the rubbing with alcohol could be made responsible for the high 
oxygen content of the cutaneous blood, we are unable to say; but it 
does not seem very likely, because the alcohol, in some instances, was 
applied  several minutes before the incision.  It  seems to  be more 
likely that if a  vasodilatation takes place, it might be due to the in- 
cision  itself.  An  arteriaiized  state  of  the cutaneous  blood  could, 
however,  be  caused  in  quite  another  way.  The  ratio  between 
the  capillary  blood  flow  and  the  metabolism  of  the  skin  might 
normally be  very  high,  so  high  that  no  appreciable  deoxidation 
per blood unit takes place.  If this were the case, we could explain 
not only the fact that  the oxygen content of the cutaneous blood 
equals that of the arterial blood, but also an (unpublished) observa- 
tion  we  have  made  in  several  instances  that  cyanosis  often 
seems to follow the arterial unsaturafion more closely than it does 
the venous.  Such  a  condition would not be difficult to bring into 
harmony with one of the chief functions of the skin--the regulation of 
the temperature.  The main difference between the arterial and ven- 
ous blood of the skin should then be the temperature and not the 
content of substances relating to the metabolism.  On the other hand, $72  OXYGEN  CONTENT  OF  CUTANEOUS  BLOOD 
the fact that the first drop  of cutaneous blood is often darker than the 
rest argues against this explanation.  The peripherally caused form of 
cyanosis, that is the cyanosis due to increased deoxidation of capillary 
blood, also points against such an assumption of the skin circulation. 
At first glance it would also seem quite contradictory to this last 
explanation  that  the venous  arm blood was normally  deoxidized  in 
our  experiments.  No  definite  conclusions  can  be drawn  from  this, 
however, because the cubital vein drains from other regions than this 
from which the blood is drawn.  Whether  one or the other of these 
explanations  contains the truth,  it is, at this time, impossible to say. 
The identity between the arterial  and cutaneous blood has, in the 
cases examined, only been proved to be true for the oxygen content. 
There can, however, be little doubt that identity can be extended to 
include other substances in the blood which  pass  the  capillary  wall, 
for instance salt, sugar, uric acid, etc., because we think that oxygen 
is the finest indicator of the metabolic interchange between the tissues 
and  the  capillary  blood.  Probably  this  identity  also  includes  the 
reaction of the blood which,  as is well known,  differs in the arteries 
and veins. 
SUMMARY. 
1.  A procedure is devised whereby cutaneous blood(so called capil- 
lary  blood) from a  finger-tip can  be obtained for  gas analyses with- 
out  coming  in  contact with the air. 
2.  Determination  was made of the oxygen content of the arterial, 
cutaneous,  and  venous  blood  respectively  from  a  normal  resting 
individual, the arterial and cutaneous blood showing the same oxygen 
content  (97.5 and 95.5 per cent of the total oxygen-combining power 
of the blood).  Venous blood drawn simultaneously was 75 per cent 
saturated. 
3.  Using  the  fact  that  there is  a  maximum  value for the  oxygen- 
combining power of the blood, we have shown, without doing arterial 
puncture,  that  under  different  conditions  (normal  and  pathological 
individuals,  resting  and  after  exercise)  the  cutaneous blood and  the 
arterial  blood  are  almost  identical  as  far  as the  oxygen  content  is 
concerned. 
4.  We think  that we are justified in extending the identity, found 
between the  oxygen content~of the  arterial  and  cutaneous blood, to CHRISTEN  LUNDSGAAR.D  AND  EGGERT  MOLLER  573 
other substances in the blood, for  instance sugar, salt, uric acid, etc., 
and also to the reaction of the blood. 
5.  We are unable to say whether this identity between cutaneous 
and arterial blood is always true; for example, in a  patient with in- 
creased venous pressure. 
6.  In all the experiments we have discarded the first drop of blood, 
which in some instances was darker than the rest, and always used at 
least 2  cc. of cutaneous blood.  Whether  the same results would be 
obtained with a very small amount of blood, for instance 0.2 to 0.4 cc., 
we do not know. 
7.  The experiments show that unless the perfusion of the skin has 
been  extremely  great  during  the  experiment,  samples  of  blood ob- 
tained from an incision in the skin (of the finger) cannot represent the 
the  true  capillary  blood.  The  neutral  expression  cutaneous  blood 
seems therefore for the present preferable to the term capillary blood 
for samples of blood obtained by cutaneous incisions. 
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